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ABSTRACT 



A multiplexer/demultiplexer having a holographic ele- 
ment made using a single exposure of a photosensitive 
medium incorporated therein. In operation as a demulti- 
plexer a single signal having a plurality of wavelengths 
impinges upon the holographic element in an appropri- 
ate manner and is separated into a plurality of signals, 
each being of a different one of the wavelengths. In the 
multiplexing mode of operation, a plurality of signals, 
each being of a different wavelength impinges upon the 
, holographic element in an appropriate manner and 
emerges therefrom as a single signal having all of said 
different wavelengths, 

15 aaims, 6 Drawing Figures 
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One of the parameters that encourages the develop- 
HOLOGRAPHIC ment of wavelength division multiplexing is the inher- 

MULTIPLEXER/DEMULTIPLEXER ent narrow spectral characteristics of optical sources 

and the relatively wide spectral bandwidth of an optical 
STATEMENT OF GOVERNMENT INTEREST 5 fiber. To achieve the desired optical separation and 

The invention described herein may be manufactured ^^^Y' wavelength diyision multiplexh^^ 
J J L f At. /r *i series of optical techniques have been examined. Some 

and used by or for the Government for gove nmental P J ^ ^ ^j,^^. 

puHJOses without the payment of any royalty thereon. ^^^^.^^^ ^^^.^ thick reflection gratings, multiple 

BACKGROUND OF THE INVENTION 10 thick reflection gratings, simple thick transmission grat- 

This invention relates generally to a multiplexing ""^^^^J^ critical factors 

system, and, more particularly to a multiplexer/demul- ^^^^ J multijlexing systems. To date, 

tiplexer which incorporates therein a holographic cle- ^^^^^^^^ multiplexing systems have been either unreli- 

J r *i • f • 15 able in complete separation of the individual wavc- 

The need frequently anses for communications or components or are of such size and cost so as to 
reconnaissance systems which smiultancousiy convey ^^^^^ ^^^^^j ^ ^^-^^ ^ incompatible with 
multiple messages from a large number of mformation ^^.^^^ ^^^j, ^^^^ economic requirements. Con- 
sources in one locauon to a large number of users at s^quently, a need arises for a small, lightweight, inex. 
another location. Multiplexing systems economicaUy ^ ^^^j^^ ^^^^^ ^^^^^ effectively used as both a 
meet this need by combming the messages from several multiplexer and demultiplexer and yet be compatible 
information sources, which are then transmitted as a ^-^y^ ^^^^ inherent narrow spectral characteristics of 
composite group over a single transmission facility. today's optical sources, 
with provision at the receiver for separation (demulti- 
plexing) back to the individual messages. Since only one SUMMARY OF THE INVENTION 
transmission facility is needed Instead of many, one ^^^^^^^ invention overcomes the problems en- 
advantage of multichannel operation is a lessening of countered in the past by providing a multiplexer/- 
the total quantity of necessary equipment. Each of the demultiplexer made up of a single component in the 
individual streams of information that form a multi- ^ holographic clement and is therefore small, 
plexed group are often denoted as a channel. 3^ lightweight, and inexpensive to produce. In addition. 

There are generally two generic forms of multiplex- the holographic multiplexer/demultiplexer of this in- 

ing systems. These are wavelength or frequency divi- vention can be made to operate directly with the di- 

sion multiplexing and time division multiplexing. Fre- verging output of an optical fiber, performing the func- 

quency division multiplexing is directly applicable to tions of collimating, wavelength separation and refocus- 

continuous wave form (analog) sources, in essence in- 33 |j]g |„ ^ single element. 

volving stacking side by side in frequency several infor- x^c multiplexer/demultiplexer of this invention in- 
mation channels so as to form a composite signal. The corporates therein a holographic element capable of 
composite frequency-multiplexed signal is then used to operating in either transmission or reflection. This de- 
modulate a carrier in some conventional manner. Re- ment is made by a holographic technique utilizing a 
covery of the individual messages after reception and 40 photosensitive medium having a sufficient thickness so 
demodulation is accomplished by bandpass filtering and as to achieve a high diffraction efficiency as well as a 
frequency selection of the channels. broad bandwidth of operation. In addition, the photo- 
Time division multiplexing is a logical extension of sensitive medium must be capable of high resolution in 
pulse modulation and involves interleaving in time the order to record the high density of optical fringes neces- 
narrow pulses of several ordinary pulse modulation 45 sary for practical operation. 

signals and thus form one composite pulse transmission in fabricating the transmissive multiplexer/demulti- 
system. Separation of the time multiplexed pulse plexer of this invention a pair of temporally and spa- 
streams at the receiver is accomplished by gating appro- tially coherent beams of electromagnetic radiation are 
priate pulses into individual channel filters. made to interfere in the photosensitive medium. Prefer- 

A third technique, phase multiplexing, is possible but 50 ably both beams are derived from the same source of 

appears less practical than either frequency division electromagnetic radiation and form two separate paths 

multiplexing or time division multiplexing. of substantially identical length. One of the beams (a 

In recent years with the development and implemcn- converging beam) is focused by conventional focusing 
tation of fiber optic technology into practical transmis- apparatus through the photosensitive medium to a point 
sion systems a great deal of attention has been given to 33 located behind the photosensitive medium. The other 
the multiple carrier technique referred to as wavelength beam (a diverging beam) emerges from an optical fiber 
division multiplexing (WDM). This technique, which is or the like acting as a point source and impinges upon 
the optical equivalent of frequency division multiplex- the side of the photosensitive medium opposite the 
ing techniques employed in RF coaxial transmission focus point of the converging beam, 
networks, can be used to increase the information trans- 60 In fabricating the reflective version of this invention 
fcr capacity of the medium. In the wavelength division the diverging beam impinges upon the same side of the 
multiplexing technique each discrete data channel is photosensitive medium as the focus point of the con- 
modulated onto an optical carrier of a fixed wave- verging beams. This is accomplished by appropriate 
length. Each of the individual carriers are then superim- focusing means which direct the diverging beam into 
posed onto the optical transmission medium. At the 65 the same side of the photosensitive medium as the focus 
optical receiver the individual carriers must be reestab- point of the converging beam. The above procedures 
lished by separating the composite carrier into its indi- for producing both the transmissive and reflective mul- 
vidual wavelength components. tiplexer/demultiplexer of this invention corresponds to 
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the making of a hologram of a virtual point source. 
Thereafter, the photosensitive medium is developed by 
methods appropriate to the photosensitive medium in 
order to produce the holographic element. 

In use as a demultiplexer, an electromagnetic signal 
or beam, containing a plurality of channels of slightly 
differing wavelengths is introduced into the holo- 
graphic element from a point source having the same 
relative position with respect to the holographic ele- 
ment as the point source had to the photosensitive me- 
dium during the production of the holographic element. 
Within the holographic element of the multiplexer/- 
demultiplexer of this invention, the individual channels 
or wavelengths are angularly separated, and directed 
each to a position located substantially along a line 
having the same relative position to the holographic 
element as a line drawn through the focus point of the 
converging beam and the point source of the diverging 

these positions by a plurality of conventional detectors 
or be received directly by a series of optical fibers. 

25 



10 



15 



DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In order to fully understand the embodiments of this 
invention, it is first necessary to describe the technique 
for producing the multiplexer/demultiplexer of this 
invention. Since this invention is divided into two types 
of multiplexer/demultiplexers, FIGS. 1 and 2 will be 
referred to for illustrating the fabrication procedure or 
technique of producing the transmissive multiplexer/- 
demultiplexer 10 depicted in use in FIG. 3. FIGS. 4 and 
5 of the drawing will be referred to for illustrating the 
technique of producing the reflective multiplexer/- 
demultiplexer 12 depicted in use in FIG. 6 of the draw- 
ing. It should be noted, however, that even though the 
transmissive and reflective multiplexer/demultiplexer 
10 and 12 respectively, form different embodiments of 
this invention, the techniques for producing and using 
both of the multiplexer/demultiplexers 10 and 12 are 



When this invention operates as a multiplexer, the holo- 
graphic element is utilized in a reverse procedure in 
which the device combines a plurality of optical chan- 
nels or wavelengths into a single beam having all the 
channels or wavelengths. 



be referred to by the same reference numerals. 

Reference is now made to FIG. 1 of the drawing in 
order to fully describe one of the techniques which may 
be utilized to produce the transmissive multiplexer/- 
demultiplexer 10 of this invention. This procedure in- 
corporates therein the utilization of a photosensitive 
medium 13 described more fully in detail hereinbelow 
and any conventional source of temporally and spatially 



"l^^^!."^^!!^ coher/n.. monochromatic electromagnetic radiation 14. 



multiplexer/demultiplexer which is small, lightweight 
and extremely efficient in operation. 

It is another object of this invention to provide a 
multiplexer/demultiplexer which is capable of opera- 
tion with more than two closely spaced wavelengths. 

It is a further object of this invention to provide a 
multiplexer/demultiplexer which is capable of operat- 
ing with the diverging output of an optical fiber. 

It is still another object of this invention to provide a 
multiplexer/demultiplexer which is economical to pro- 
duce and which utilizes conventional, currently avail- 
able components that lend themselves to standard mass 
producing manufacturing techniques. 

For a better understanding of the present invention, 
together with other and further objects thereof, refer- 
ence is made to the following description taken in con- 
junction with the accompanying drawings and its scope 
will be pointed out in the appended claims. 

DETAILED DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic representation of a technique 
for producing the multiplexer/demultiplexer of this 
invention; 

FIG. 2 is a schematic representation of another tech- 
nique for producing the multiplexer/demultiplexer of 
this invention; 

FIG. 3 is a schematic representation of the multiplex- 
er/demultiplexer of this invention, shown in operation; 



The source of electromagnetic radiation may be in the 
form of, for example, an argon laser. 

Laser 14 produces a beam 16 of electromagnetic radi- 
ation. Beam 16 is divided into two portions or paths, 
hereinafter referred to as beams 18 and 20, by any con- 
ventional beam dividing means such as a conventional 
beam splitter 22. Spatial filtering of beam 16 may be 
accomplished by any conventional spacial filtering de- 
vice, such as a lens-pinhole filter 24 while coUimation of 
beam 16 may be achieved by any conventional collimat- 
ing device such as lens 26. Additionally, in the method 
of fabricating transmissive multiplexer/demultiplexer 
10 as illustrated in FIG. 1 of the drawing, the path 
lengths of beams 18 and 20 are made substantially equal 
to provide an interference between beams 18 and 20 
within photosensitive medium 13. By so doing, the ho- 
lographic element of the multiplexer/demultiplexer 10 
of this invention, after subsequent photographic devel- 
opment, is produced. 

Still referring to FIG. 1 of the drawing, photosensi- 
tive medium 13 can be in the form of, for example, a 
photographic emulsion having the appropriate charac- 
teristics, a photo resist film, a dichromated gelatin coat- 
ing, or the like. The specific choice depends upon the 
properties needed for a specific application of this in- 
vention. Furthermore, photosensitive medium 13 is 
made of sufficient thickness to achieve a high diffrac- 
tion efficiency (i.e., 80%) and yet not so thick that it will 
FIG. 4 is a schematic representation of a technique ^ have too narrow a bandwidth of operation (i.e ±15% 
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45 



30 
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for producing another embodiment of the multiplexer/ 
demultiplexer of this invention; ^ 

FIG. 5 is a schematic representation of another tech- 
nique for producing the alternate embodiment of the 
multiplexer/demultiplexer of this invention; and 

FIG. 6 is a schematic representation of the alternate 
embodiment of the multiplexer/demultiplexer of this 
invention, shown in operation. 



65 



about the central wavelength). A focusing device such 
as lens 32 is provided to launch beam 20 into a conven- 
tional optical fiber 34. The substantially identical path 
lengths of beams 18 and 20 are achieved by the appro- 
priate placing of any suitable directing element such as 
mirror 30 within the path of beam 18 and making optical 
fiber 34 of appropriate length within the path of beam 
20. 



01/05/2004, EAST version: 1.4.1 




4,359, 

5 

Beam 20 emerges from the end, X, of fiber 34 which 
acts as a point source. As a divergent beam, beam 20 
illuminates the photosensitive medium 13 which is se- 
lected to have a high sensitivity at the wavelength of 
the coherent source of radiation 14. The other beam 18 5 
passes through a conventional converging device such 
as lens 36 which focuses beam 18 through medium 13 to 
a point 38 located on the opposite side of photosensitive 
medium 13 upon which beam 20 impinges. 

The converging beam 18 and the diverging beam 20 10 
meet and interfere in photosensitive medium 13» which, 
after appropriate development, bleaching or other pro- 
cessing, records the resultant fringe pattern as a refrac- 
tive index or phase change in the medium. Judicious 
choice of an angular relationship between beams 18 and 15 
20 assists in lowering reflection losses, while obtaining 
high dispersion and reasonable beam intensities 
throughout the interference region. The ratio of the two 
beam intensities would preferably be unity at the center 
of the pattern, although it varies by a factor of two 20 
across the interference region due to the oblique angle 
between fiber 34 and photosensitive medium 13. The 
use of identical path lengths for beams 18 and 20 insures 
both a high coherence between the two beams and a 
high modulation of the interference fringes. 25 

Photosensitive medium 13 is exposed by beams 18 
and 20. For example, using a dichromatcd gelatin film 
about 15^ meters in thickness as the photosensitive 
medium 13, an exposure of over 100 millijoules for 
beam 16 would yield maximum diffraction efficiency, 30 
although it should be realized that this procedure is not 
limited to a particular exposure. Generally, with refer- 
ence to FIG. 3 or 6, diffraction efficiency is measured 
by dividing light intensity in focused spot 38 by the light 
intensity emerging at point X. The exposure time may 35 
also be adjusted to give the maximum possible diffrac- 
tion efficiency. Subsequent development of photosensi- 
tive medium 13 produces holographic element 40 as 
illustrated in FIG. 3 of the drawing. 

Before setting forth the actual operation of transmis- 40 
sive multiplexer/demultiplexer 10 of this invention, an 
alternate procedure for producing holographic element 
40 is described hereinbelow. This procedure for making 
the transmissive multiplexer/demultiplexer 10 of this 
invention is best shown in FIG, 2 of the drawing. The 45 
procedure depicted in FIG. 2 is identical to the proce- 
dure set forth herinabove with respect to FIG. 1 except 
that the optical fiber 34 is replaced with an air path and 
an appropriate focusing device in the form of lens 41. In 
some instances, as shown in FIG. 2, additional beam 50 
directing elements, in the form of mirrors 43 and 45 may 
also be required. Lens 41 is arranged to focus the beam 
20 at the same point in space, X, previously occupied by 
the end, X, of the optical fiber 34 shown in FIG. 1 of the 
drawing. In so doing, such a procedure enables point 35 
source X to simulate the output of a perfect optical 
fiber. Such a procedure is extremely desirable since if 
fiber 34, shown in FIG. 1 of the drawing, is one of the 
raultimode types of fibers, the radiation emerging from 
fiber 34 is a speckle pattern with variations in amplitude 60 
and phase throughout the output pattern. Consequently, 
there are regions within photosensitive medium 13 in 
which no interference pattern is recorded. Such an 
effect detracts from the overall efficiency of the multi- 
plexer/demultiplexer 10 of this invention since the out- 65 
put pattern changes from fiber to fiber, or, in some 
instances even within the same fiber if the fiber is flexed 
or bent. 



The procedure set forth above and illustrated in FIG. 
2 of the drawing obviates this problem and insures that 
an interference pattern is recorded over the full extent 
of the overlapping beams 18 and 20. Such a technique, 
as illustrated in FIG. 2 greatly improves the overall 
efficiency of this invention. 

Reference is now made to FIG. 3 of the drawing 
which schematically depicts the operation of the trans- 
missive multiplexer/demultiplexer 10 of this invention 
in which holographic element 40 has been fabricated by 
either the method described with respect to FIG, 1 or 
with respect to FIG. 2 of the drawing. In utilizing holo- 
graphic element 40 as a demultiplexer, for example, a 
fiber 50 is positioned so as to have iU end 51 located 
substantially at the same spot, X, relative to holographic 
element 40 as the relationship between point, X, and 
photosensitive medium 13 utilized in the preparation of 
multiplexer/demultiplexer 10 of this invention and de- 
picted in FIGS. 1 and 2 of the drawing. 

Still referring to FIG. 3, fiber SO is coupled to a beam 
of electromagnetic radiation (not shown) having a plu- 
rality of wavelengths or wavelength division multi- 
plexed signals. These signals in the form of beam 51 
emerge from fiber 50. As a result of the holographic 
makeup of element 40 each of the different wavelength 
channels is focused to a different spot, illustrated by 
three such positions 52, 53 and 54 in FIG, 3. Positions 

52, 53 and 54 are situated substantially along a line (illus- 
trated by dotted line 55) having the same relative posi- 
tion with respect to holographic element 40 as a line 
drawn through focus point 38 of beam 18 and point X 
has with respect to photosensitive medium 13 described 
with reference to the making of holographic element 40. 

Each channel is separated and focused by holo- 
graphic clement 40 to a separate position or point (52, 

53, 54, for example) along line 55. The longer wave- 
length channels, due to their greater diffraction, focus 
to a point 54 closer to the holographic element 40, for 
example, then the shorter wavelength channel 52. The 
focused spots or positions 52, 53 and 54 of electromag- 
netic radiation of each channel can be directly coupled 
to an individual optical fiber 56, 58 and 60, respectively, 
or to small detectors (not shown), depending upon the 
application of this invention: 

It should also be noted that although only three such 
points 52, 53 and 54 representative of three wavelengths 
are illustrated in the drawing, this invention is not lim- 
ited to this particular number which is only used for 
purposes of illustration. In addition, the alignment of 
the input fiber 50 is only critical in that it must be within 
a few millimeters of spot X. It is also unnecessary to 
have a strictly coherent optical signal for efficient oper- 
ation. Hence, power sources with limited coherence 
lengths such as laser diodes or light emitting diodes can 
be utilized as the source of electromagnetic radiation for 
die multiplexer/demultiplexer 10 of this invention. 

Although FIG. 3 of the drawing is utilized to illus- . 
trate the demultiplexing operation of this invention, it 
can also be utilized to depict the multiplexing operation 
of this invention in which all beams would be propagat- 
ing in the reverse direction. That is, the individual opti- 
cal channels or wavelengths would emerge from fibers 
56, 58 and 60, go through holographic element 40 and 
enter fiber 50 or a conventional detector (not shown) as 
a multiplexed signal. However, whether this device is 
used as a multiplexer or demultiplexer, either method 
(illustrated in FIG. 1 or 2) of preparing holographic 
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element 40 can be utilized within the scope of this in- shown in FIG. 3 of the drawing. As is readily apparent 
vcntion, from FIG. 6, reflective holographic element 70 pro- 
It is desirable in some instances to perform the multi- vidcs for the wavelengths or channels which have been 
plcxing or demultiplexing operation in a limited amount demultiplexed (output) to appear on the same side of 
of space. It is therefore necessary, within the scope of 3 holographic element 70 as the input fiber 72. In other 
this invention, to fabricate the multiplexer/demulti- words, a fiber 72 providing a plurality of wavelength- 
plexer for operation in the reflective mode, Reference is division multiplexed signals in the form of beam 74 
therefore made to FIGS. 4 and 5 of the drawing which would be positioned at the same point X' in space as 
illustrate procedures of this invention for producing the occupied by the relative position with respect to photo- 
reflective multiplexer/demultiplexer 12. It is again em- 10 sensitive medium 13 as the end of fiber 34 shown in 
phasizcd. that for ease of understanding this invention FIG. 4 and depicted as the point source X' in FIG. 5 of 
elements found in FIGS. 4-6 which are identical to the the drawing. As a result of the holographic technique . 
elements of FIGS. 1-3 will be given the same reference utilized in the manufacture of this invention, each differ- 
numerals. Only additional or different elements will be cnt wavelength channel is therefore reflected from ho- 
given different reference numerals. 15 lographic clement 70 and focused to spots 78, 80 and 82 
FIG. 4 illustrates schematically an arrangement for on the same side of holographic element 70 as the input 
fabricating the reflective multiplexer/demultiplexer 12 optical fiber 72. 

of this invention. Also, to avoid obvious redundancies, If desired, a plurality of optical fibers 84, 86 and 88 or 

since the basic procedure and concept involved in the detectors (not shown) may be utilized to receive the 

making of the reflective multiplexer/demultiplexer 12 20 demultiplexed signals, respectively. In operation as a 

of this invention is essentially the same as described multiplexer, the procedure is reversed, in which indi- 

hercinabove with reference to the fabrication of the vidual beams each having a different wavelengths 

transmissive multiplexer/demultiplexer 10 of this inven- emerge from fibers 84, 86 and 88 and arc reflected off 

tion, detailed explanation of similar procedures and holographic element 70 as a multiplexed signal received 

concepts will not be repeated, 25 by optical fiber 72 or a conventional detector (not 

The essential difference between the procedure uti- shown), 

lized in the fabrication of the embodiment depicted in The reflective multiplexer/demultiplexer 12 shown in 

FIG. 1 and the procedure utilized in FIG. 4 of the draw- FIG. 6 of the drawmg has two major advantages over 

ing is the relocation of reflecting and focusing elements. the transmissive multiplexer/demultiplexer 10 shown in 

For example, substantially 100% reflective mirrors 61 30 FIG. 3 of the drawing. First, it is more compact since 

and 62 are provided in order to direct beam 18 to the the output beam is folded back and appears on the same 

front of and beam 20 around the back of, respectively, side of the holographic element 70 as the input beam, 

the photosensitive medium 13 so as to impinge upon the Second, one fiber bundle only need be prepared and 

same side of photosensitive medium 13 as the focus aligned including both the input and the several output 

point 38 of beam 18. Otherwise, the setup for the fabri- 33 fibers. 

cation of the reflective multiplexer/demultiplexer 12 is Although this invention has been described with 

identical to the setup depicted in FIG. 1 for the trans- reference to particular embodiment, it will be under- 

missive multiplexer/demultiplexer 10 of this invention. stood to those skilled in the art that this invention is also 

In multiplexer/demultiplexer 12 as with the multiplex- capable of a variety of further embodiments withm the 

er/demultiplexer 10 interference within photosensitive 40 spirit and scope of the appended claims. For example, 

medium 13 takes place, in which the photosensitive ideally, the wavelength in which the multiplexcrA 

medium 13 records the resultant fringe pattern as a demultiplexers 10 and 12 of this invention would be 

refractive index or phase change in the medium. Also, fabricated, would be the center of the band at which the 

similarly to the procedure set forth with respect to FIG. device would be used. Situations could arise, however, 

1 the path lengths of beams 18 and 20 should be substan- 45 where this would not always be possible. It would then 

tially equal and can be made so by the appropriate be desirable to use appropriate techniques to fabncate 

choicefor the length of fiber 34. For purposes of clarity, this invention at one wavelength for use at a different 

however, the end of fiber 34 (the point source for beam wavelength. 

20) is designated as X' rather than X. We claim: 

An alternate procedure for producing multiplexer/- 30 1. A multiplexer/demultiplexer compnsmg: a holo- 
demultiplexer 12 is depicted with respect to FIG, 5 of graphic element made using a single exposure of a pho- 

the drawing. In this procedure, as with the procedure tosensitive medium; means located substantially at a 

described with respect to FIG. 4ofthe drawing, optical first preselected point adjacent said holographic ele- 

fiber 34 is replaced by an air path and a focusing lens 41 ment for directing into or receiving from said holo- 

in order to focus the beam 20 to a point previously 53 graphic clement a single beam of electromagnetic radia- 

occupied by the end of fiber 34 shown in FIG. 4 of the tion having a plurality of different wavelengths; wid 

drawing. means located at a plurality of positions substantially 

Subsequent exposure and development of photosensi- along a line extending through said first preselected 
tive medium 13 in order to produce reflective holo- point and a second preselected point adjacent said holo- 
graphic element 70 shown in FIG. 6 of the drawing is 60 graphic element for receiving from or directing into 

accomplished in the same manner described herein- said holographic element a plurahty of beams of elec 

above with respect to the fabrication of holographic tromagnetic radiation, each of said beams being at a 

element 40. different wavelength, wherein the relationship between 

Reference is now made to FIG. 6 of the drawing said holographic element, said first preselected point 
which illustrates the reflective multiplexer/demulti- 63 and said second preselected point is substantially the 
plexer 12 in its demultiplexer mode of operation in same as the relationship between a photosensitive mc 
which its operation is virtually identical to the opera- dium, a point source of a diverging beam of temporally 
tion of transmissive multiplexer/demultiplexer 10 and spatially coherent electromagnetic radiation im- 
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pinging upon said photosensitive medium and the focus 
point of a converging beam of temporally and spatially 
coherent electromagnetic radiation impinging upon said 
photosensitive medium during the exposure of said pho- 
tosensitive medium in making said holographic elenient. 

2. A multiplexer/demultiplexer as defined in claim 1 
wherein said first preselected point and said second 
preselected point are located adjacent opposite sides of 
said holographic element. 

3. A multiplexer/demultiplexer as defined in claim 1 
wherein said first preselected point and said second 
preselected point are located adjacent the same side of 
said holographic element. 

4. A multiplexer/demultiplexer as defined in claim 1 
wherein said directing or receiving means at said first 15 
preselected point is an optical fiber. 

5. A multiplexer/demultiplexer as defined in claim 1 
wherein said directing or receiving means located along 
said line is in the form of a plurality of optical fibers, 
each of said fibers being located at each of said plurality 20 
of positions, respectively. 

6. A multiplexer/demultiplexer as defmed in claim 1 
wherein said photosensitive medium is of sufficient 
thickness to achieve a substantially high diffraction 
efficiency and yet not have a substantially narrow band- 25 
width of operation, and the angular relationship be- 
tween said diverging and said converging beams being 
such to produce low reflection losses while obtaining 
subsuntially high dispersion throughout an interference 
region therebetween. 

7. A method of producing a multiplexer/demulti- 
plexer comprising the following steps: 

(a) producing a holographic element by: 
(i) impinging a diverging beam of temporally and 
spatially coherent electromagnetic radiation 
upon a previously unexposed photosensitive me- 
dium, said diverging beam emerging from a 
point source located adjacent said photosensitive 
medium, 



10 



30 



35 



Icctcd point and said second preselected point are lo- 
cated adjacent opposite sides of said holographic ele- 
ment. 

9. A method of producing a multiplexer/demulti- 
plexer as described in claim 9 wherein said first prese- 
lected point and said second preselected point are lo- 
cated adjacent the same side of said holographic ele- 
ment. 

10. A method of demultiplexing a single beam of 
electromagnetic radiation having a plurality of different 
wavelengths comprising the steps of: 

(a) directing said beam from a first preselected point 
adjacent a single component in the form of a holo- 
graphic element made using a single exposure of a 
photosensitive medium so as to impinge upon said 
holographic element, and 

(b) detecting a plurality of beams of electromagnetic 
radiation from said holographic element, each of 
said beams being at a different position adjacent 
said holographic element, said different positions 
being situated substantially along a line extending 
through said first preselected point and a second 
preselected point, and each of said beams at each of 
said positions being at a different one of said plural- 
ity of wavelengths, 

wherein the relationship between said holographic 
element, said first preselected point and said second 
preselected point is substantially the same as the 
relationship between a photosensitive medium, a 
point source of a diverging beam of temporally and 
spatially coherent electromagnetic radiation im- 
pinging upon said photosensitive medium and the 
focus point of a converging beam of temporally 
and spatially coherent electromagnetic radiation 
impinging upon said photosensitive medium during 
the exposure of said photosensitive medium in mak- 
ing said holographic element. 

11. A method of demultiplexing as defined in claim 10 
wherein said first preselected point and said second 



(ii) simultaneously impinging a converging beam of 40 preselected point are located adjacent opposite sides of 
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temporally and spatially coherent electroniag- 
netic radiation upon said photosensitive medium 
in order to interfere with said diverging beam, 
said converging beam focusing to a preselected 
focusing point adjacent said photosensitive me- 
dium, and 

(iii) without further exposing said photosensitive 
medium to other beams, processing said photo- 
sensitive medium, thereby forming said holo- 
graphic clement, 

(b) providing a directing or receiving means for a 
beam of electromagnetic radiation at a first prese- 
lected point adjacent said holographic element, 
said first preselected point having substantially the 
same relationship with respect to said holographic 55 
element as said point source had with respect to 
said photosensitive medium, and 

(c) providing a plurality of receiving or directing 
means for a plurality of beams of electromagnetic 
radiation, respectively, substantially along a line 60 
extending through said first preselected point and a 
second preselected point adjacent said holographic 
element, said second preselected point having sub 



said holographic element. 

12. A method of demultiplexing as defined in claim 10 
wherein said first preselected point and said second 
preselected point are located adjacent the same side of 
said holographic element. 

13. A method of multiplexing a plurality of beams of 
electromagnetic radiation, each of said plurality of 
beams being at a different wavelength comprising the 
steps of: 

(a) directing each of said plurality of beams from a 
different position adjacent a holographic element 
made using a single exposure of a photosensitive 
medium so as to impinge upon said holographic 
element, said different positions being situated sub- 
stantially along a line extending through a first 
preselected point and a second preselected point, 
and 

(b) detecting a single beam of electromagnetic radia- 
tion from said holographic element at said first 
preselected point adjacent said holographic ele- 
ment, said single beam having all of said different 
wavelengths. 

wherein the relationship between said holographic ele- 
ment, said first preselected point and said second prese- 



stantially the same relationship with respect to said , - - ^ , * 

holographic element as said focusing point had 65 lected point is substantially the same as the relationship 

with respect to said photosensitive medium. between a photosensitive medium, a point source of a 

8. A method of producing a multiplexer/demulti- diverging beam of temporally and spatially coherent 

plexcr as described in claim 7 wherein said first prese- electromagnetic radiation impmgmg upon said photo- 
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sensitive medium and the focus point of a converging 
beam of temporally and spatially coherent electromag- 
netic radiation impinging upon said photosensitive me- 
dium during the exposure of said photosensitive me- 
dium in making said holographic element 

14. A method of multiplexing defmed in claim 13 
wherein said first preselected point and said second 
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preselected point are located adjacent opposite sides of 
said holographic element. 

15. A method of multiplexing as defmed in claim 13 
wherein said first preselected point and said second 
preselected point are located adjacent the same side of 
said holographic element. 
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